The fusion of Chlamydomonas gamete membranes leads to rapid degradation of FUS1 and HAP2, proteins required for gamete fusion. This provides a mechanism to prevent any subsequent fusion events, thereby preventing polygamy.
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A paper recently published in Development shows that when Chlamydomonas gametes merge to form a zygote, their ability to fuse again is rapidly lost because fusion triggers degradation of critical fusion proteins [1] . This mutually assured destruction of fusion competence could be a mechanism at work in a vast array of sexually reproducing organisms to prevent the fusion of more than two gametes.
The union of more than two gametes has a number of potentially dire consequences for early development. For example, polyspermy (fusion of more than one sperm with an egg) can cause defects in embryonic cell division due to inheritance of more than one paternal centrosome, a structure that organizes cell division (for example [2] ). Polyspermy can also result in a triploid embryo with a ratio of two paternal genomes to one maternal genome. In some organisms, this situation leads to early embryonic arrest likely caused by imbalanced expression of imprinted genes [3] . The pollen tubes of flowering plants deliver two sperm to an ovule where one fuses with the egg to form an embryo and the other fuses with the central cell to form endosperm (reviewed in [4] ). These species may require a block to polyspermy to prevent both sperm from fusing with either the egg or the central cell [5] .
One of the best-studied blocks to polyspermy is that of sea urchins, whose eggs can attract hundreds of sperm simultaneously (reviewed in [6] ). Multiple fertilizations are blocked by immediate depolarization of the egg membrane triggered by the first sperm-egg fusion event [7] . Release of granules stored at the egg cortex leads to complete remodeling of the extracellular matrix over the next few minutes, resulting in a permanent physical barrier to any subsequent sperm (reviewed in [6] ). The molecular mechanisms that underpin the rapid block to polyspermy occurring at the membrane are poorly understood. For example, it is not known how membrane depolarization and release of cortical granules affects the function of proteins that mediate sperm-egg fusion (reviewed in [6] ).
Genetic analysis of fertilization in the single-celled green alga Chlamydomonas reinhardtii has identified two proteins that play essential roles in the adhesion and fusion of gametes, respectively [8] [9] [10] . Chlamydomonas gametes of opposite mating type (called plus and minus) find and recognize each other through species-and mating type-specific interactions of their flagella ( Figure 1 ; reviewed in [11] ), leading to rapid activation of both mating types. Plus gametes extend a long, actin-filled, mating projection containing the integral membrane protein FUS1 [10] . Minus gametes produce a smaller projection expressing the integral membrane protein HAP2 [9] . FUS1 is a species-specific protein essential for adhesion of mating projections [8] and HAP2 is essential for their fusion [9] .
When Chlamydomonas plus and minus gametes are mixed, large clusters of multiple gametes form, but triploid zygotes are very rare [1] . These observations suggest active mechanisms that prevent polygamy.
To gain further insight into these mechanisms, Liu, Misamore, and Snell [1] took advantage of the ability to mix populations of wild-type gametes with those that lack one of the critical fusion proteins (Figure 2 ). Immunoblots show that FUS1 and a cell-surface form of HAP2 both become difficult to detect sixty minutes after wild-type gametes are mixed, a time when 50-80% of cells form zygotes in these experiments ( Figure 2A ) [1] . In contrast, if gametes are not mixed, each protein is stable, detectable four hours after protein synthesis is blocked. These experiments suggest that mixing of gametes triggers turnover of HAP2 and FUS1.
Mixing mutant and wild-type gametes showed that fusion is required to initiate rapid protein turnover ( Figure 2B,C) [1] . When plus gametes lacking FUS1 were mixed with wild-type minus gametes, adhesion failed and the cell-surface form of HAP2 increased in abundance over the course of the experiment. When wild-type plus gametes were mixed with minus gametes lacking HAP2, adhesion occurred but fusion failed, and FUS1 protein abundance was unchanged sixty minutes after mixing.
When wild-type plus and minus gametes were mixed, a HAP2 cleavage product was detectable on immunoblots at a time when large numbers of gametes in the culture were fusing. These data support protein degradation over other models such as endocytosis that could account for rapid clearing of fusion proteins from the membrane. One interesting question that remains to be addressed is how rapidly FUS1 and HAP2 are cleared from the zygote membrane. Experiments that can follow these proteins in single cells may be required to determine how quickly this proposed block to polygamy becomes effective.
How FUS1 and HAP2 mediate gamete adhesion and fusion is not yet known. Each protein may interact with a factor on the opposite mating type, but these factors have not been identified. Genetic analysis clearly shows that FUS1 expression on the plus gamete can mediate adhesion without expression of HAP2 on the minus gamete [9] . It has not been possible to test whether the fusion function of HAP2 requires FUS1 expression on the opposite mating type, because lack of FUS1 eliminates gamete adhesion, the step prior to gamete fusion.
HAP2 has been found in a wide array of eukaryotic genomes (reviewed in [12] ) and its essential function in gamete fusion appears to be conserved in the flowering plant Arabidopsis thaliana [13] [14] [15] , and in the rodent malaria parasite Plasmodium berghei [9, 16] . A HAP2 ortholog was recently demonstrated to show testis-specific expression in Hydra [17] , suggesting that HAP2 may also be involved in gamete fusion in some animals.
The conservation of HAP2 function in a diverse group of species makes the recent Chlamydomonas observations all the more interesting. Perhaps rapid degradation of HAP2 and a species-specific gamete adhesion protein (FUS1 in Chlamydomonas) is a widespread means for protecting the nascent zygote from fusion with additional gametes. Snell and colleagues [1] propose a simple model for how mutually assured destruction of gamete-specific fusion proteins is achieved: one gamete carries a protease that specifically degrades the fusion factor expressed by the complementary gamete, and vice-versa. This elegant idea remains to be tested but is compelling in its simplicity. The finding that an extracellular form of HAP2 is specifically lost upon fusion [1] may suggest that the protease cleaving HAP2 is either extracellular or in the membrane. The role of extracellular proteolysis in the sea urchin block to polyspermy has been appreciated for many years [18] . Sea urchin eggs release proteases from cortical granules upon sperm fusion that are involved in remodeling the extracellular matrix and may also function to cleave sperm receptors and fusion proteins [19] .
After gametes fuse to form a zygote, many other critical cell-cell fusion events occur during the development of multicellular organisms. myoblasts to form multinucleated myotubes is one prominent example (reviewed in [20] ). In contrast to gamete fusion, where more than one fusion event is often lethal, formation of muscle requires that multiple cell fusion events be coordinated in series. It will be interesting to see whether proteolysis of fusion proteins is used to control these cell fusion events and if it is, how proteolysis is regulated to produce a defined field of fused cells.
